A Gram-staining-negative, rod-shaped, non-motile, golden yellow-coloured and strictly aerobic bacterial strain, designated H01-35 T , was isolated from a surface marine particles sample collected from the Yellow Sea in China. According to the phylogenetic analysis based on 16S rRNA gene sequences, the strain H01-35 T belonged to the genus Croceitalea and showed the highest sequence similarity to Croceitalea litorea CBA3205 T (96.4 %). Strain H01-35 T grew optimally at pH 8.0-9.0, 28 C and in the presence of 3 % (w/v) NaCl. The DNA G+C content was 52.7 mol%. Strain H01-35
The genus Croceitalea, a member of family Flavobacteriaceae in the phylum Bacteroidetes, was first established by Lee et al. [1] with Croceitalea eckloniae as the type species and three species have been described to date. Members of the genus Croceitalea are Gram-staining-negative, nonmotile, aerobic bacteria with yellow or orange colonies. They hold MK-6 as the major respiratory quinone and have the DNA G+C content of 59.5-66.5 mol%. In this study a novel strain, designated H01-35 T , was isolated from marine particles and was similar to the strains of the genus Croceitalea. The aim of the present study was to determine the exact taxonomic position of the isolate H01-35
T by a polyphasic taxonomic approach.
The marine particles samples were obtained from the surface seawater of the Yellow Sea (36 00¢ N, 121 01¢ E) during the expedition of the R/V 'Dong Fang Hong 2' in August 2015. Around 25 l of seawater from the depths of 0-5 m was filtered with 3 µm pore-sized filters and then the marine particle samples were collected with a sterile spoon and resuspended in 25 ml 0.2-mm-filtered seawater. After a serial dilution (10 À1 -10 À5 ), 0.1 ml of each was spread on marine agar 2216E (MA; Becton Dickinson) plates and incubated at 28 C for one week. Strain H01-35 T was picked from the 10 À4 diluent MA plate and purified by streaking four times on MA plates. The cultures were maintained on MA plates at 28 C, and stocks were preserved in sterile 0.85 % (w/v) saline supplemented with 15 % (v/v) glycerol at À80 C. According to the initial phylogenetic analysis, strain H01-35 T shared the highest sequence similarity with the strain Croceitalea litorea CBA3205 T [2] and fell into the same cluster of the genus Croceitalea. Consequently, the strain C. litorea JCM 19531 T , obtained from the Japan Collection of Microorganisms (JCM) and the type strain C. eckloniae MCCC 1A06443
T , obtained from the Marine Culture Collection of China (MCCC), were used for comparison. They were cultured in the same conditions as strain H01-35 T (MA/marine broth 2216 (MB; BD), 28 C), unless otherwise specified.
Gram staining and flagellum staining were investigated using standard methods [3] . The cell morphology and the presence of flagella and appendages were observed by transmission electron microscopy (JEM-1200EX; JEOL) after T . All data are from this study. All strains are rod-shaped, aerobic, Gram-negative bacteria and NaCl-reliant for growth, positive for following characteristics: hydrolysis of Tween 20, alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase, Nacetyl-b-glucosaminidase and catalase activities, acid production from D-glucose, aesculin, maltose and trehalose. All strains are negative for capnophilic metabolism, hydrolysis of casein and chitin, lipase (C14), a-Galacosidase, a-mannosidase, a-fucosidase and oxidase activities, gliding motility, growth in the absence of NaCl and at 4 C, nitrate reduction, indole, H 2 S and fexirubin-type pigment production. +, Positive reaction; -, negative reaction; w, weakly positive. Enzyme activity
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cells had been negatively stained with 1 % (w/v) phosphotungstic acid. The presence of gliding motility and the production of flexirubin-type pigments were investigated using the methods described by Bernardet et al. [4] . A whole-cell spectrum for carotenoid pigments was determined using a UV-visible spectrophotometer (absorption spectrum from 200 to 800 nm). To test anaerobic growth, bacterial strains were cultured on MA with resazurin (0.02 %, w/v) as an indicator of anaerobic conditions in an anaerobic jar filled with nitrogen and a packet of AneroPack-Anaero (Mitsubishi Gas Chemical Co.) at 28 C for 1 month. To test the capnophilic metabolism of bacteria, strains were cultured on MA plates and incubated in an anaerobic jar with a packet of AneroPack-CO 2 (Mitsubishi Gas Chemical Co.) at 28 C for 1 month [4] . The growth temperature range was determined on MA by incubating cultures at 10-50 C (10, 16, 20, 24, 28, 32, 37, 42, 45, 47 and 50 C) for 5 days, and at 0 C and 4 C on MA for at least 30 days. Experiments about salinity tolerance and pH ranges for growth were investigated in test tubes. In the salinity experiment, distilled water was used to prepare synthetic marine ZoBell broth (5 g Bacto peptone, 1 g yeast extract and 0.01 g FePO 4 in 1 l distilled water); NaCl concentration was adjusted to 0-15 % (w/v, at intervals of 1 %). Growth in MB was evaluated at pH 5.0-11.0 with intervals of 1 pH unit using the following buffer systems: MES (50 mM, pH 5.0-6.0), MOPS (50 mM, pH 7.0), Tricine (50 mM, pH 8.0), TAPS (50 mM, pH 9.0), CAPS (50 mM, pH 10.0) and Na 2 CO 3 /NaHCO 3 (pH 11.0). Physiological-biochemical characteristics of strain H01-35 T , C. litorea JCM 19531 T and C. eckloniae MCCC 1A06443
T were investigated according to standard protocols [5] , including catalase and oxidase activities, hydrolysis of casein, starch, gelatin and Tweens 20, 40 and 80. DNase activity was examined by using DNase agar (Qingdao Hope Bio-technology) according to the manufacturer's instructions. Degradation of chitin was examined on chitin agar with sterile seawater [6] . Activities of constitutive enzymes and other physiological properties were determined after growth on MA at 28 C for 2 days by using API 20E, API 20NE, API 50CH, API ZYM strips (bioM erieux) and Gramnegative MicroPlates kit (Biolog) according to the manufacturer's instructions except that artificial seawater was used to prepare the inocula [7] . The detailed results of the morphological, physiological and biochemical characteristics of strain H01-35 T are given in Table 1 , Fig. S1 (available in the online Supplemetary Material) and the species descriptions.
For cellular fatty acid analysis, cells of strain H01-35 T and C. litorea JCM 19531 T and C. eckloniae MCCC 1A06443 T were obtained from MA plates incubated at 28 C for 3 days, until they reached late logarithmic stage of growth according to the four quadrant streak method [8] . Fatty acid in whole cells were saponified, methylated and extracted according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.0) and identified by the TSBA 6.0 database of the Microbial Identification System [9] . For respiratory quinones and polar lipid analyses, cells were harvested from MA plates at 28 C for 5-6 days and freeze-dried. The major respiratory quinones were extracted with chloroform/methanol (2 : 1, v/v), separated by TLC and identified by HPLC. Polar lipids were extracted according to Minnikin et al. [10] , and separated by two-dimensional TLC on silica gel 60 F254 plates (Merck) using chloroform/methanol/water (65 : 25 : 4, v/v) for the first dimension and chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, v/v) for the second dimension [11] . Extracted lipids were identified by spraying the plates with appropriate detection reagents [12] . In brief, 5 % ethanolic molybdophosphoric acid was used to detect all the lipids. Ninhydrin spray was applied to determine most of the lipids with free amino groups, while spraying the plate with the lipid phosphate reagent of Dittmer and Lester after the ninhydrin spray could reveal the presence of phospholipids. Spraying with a-naphthol-sulphuric acid determined the presence of glycolipids. Quaternary nitrogen compounds, such as phosphatidylcholine, showed pinkish-orange by spraying Dragendorff's reagent. The periodate-Schiff reagent spray was applied to reveal lipids with a terminal CH 2 OH group, such as glycerol. The DNA G+C content was determined according to the methods described by Mesbah and Whitman [13] using reversed-phase HPLC.
The dominant fatty acids (>10 % of the total) of strain H01-35 T were iso-C 15 : 1 G, iso-C 15 : 0 , and iso-C 17 : 0 3-OH and its detailed fatty acid composition is shown in Table 2 , which were similar to C. litorea JCM 19531 T and C. eckloniae MCCC 1A06443
T , although there were some differences in the fatty acid composition and proportions of some components. The polar lipids profile of strain H01-35 T comprised one phosphatidylethanolamine, two unidentified aminolipids, and five unidentified lipids (Fig. S2) . The phosphatidylethanolamine was found in C. eckloniae MCCC 1A06443
T and C. litorea JCM 19531 T , as well as another species Croceitalea dokdonensis MCCC 1A06446
T . Comparing to C. litorea JCM 19531 T , the lipids profile was quite similar and only two more unidentified lipids were further detected in strain H01-35
T . In C. eckloniae MCCC 1A06443 T , one unidentified aminolipid and two unidentified lipids were further identified comparing with the result of Yoon and Oh [14] . All the polar lipids detected in The genomic DNA of strain H01-35 T was extracted and purified using standard methods [15] . The 16S rRNA gene was amplified by PCR with two universal primers (B8F: 5¢-AGAGTTTG12ATCCTGGCTCAG-3¢ and B1510R: 5¢-GG TTACCTTGTTACGACTT-3¢) [16] . The PCR product was purified with a TIANgel Midi Purification kit (TIANGEN Biotech), ligated into the pUCm-T vector (TaKaRa), transferred into Escherichia coli JM109
T and sequenced at BGI. The nearly complete 16S rRNA gene sequences (1487 bp) of strain H01-35
T was submitted to GenBank. The sequence similarity between the isolate and other strains were calculated using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/) [17] . The 16S rRNA gene sequences of related strains were aligned using the CLUSTAL_X program [18] . Phylogenetic trees based on the neighbour-joining (Fig. 1) , maximum-likelihood and maximum-parsimony algorithms were reconstructed with the program MEGA version 5.0 [19] . The genetic distance matrices of the first two trees were estimated by Kimura's two-state parameter model [20] . In each case, bootstrap values were calculated based on 1000 replicates.
Pairwise alignment of the nearly complete 16S rRNA gene sequence of strain H01-35 T showed the highest similarity with C. litorea CBA3205 T (96.4 %). The phylogenetic trees obtained by neighbour-joining method revealed that strain H01-35 T fell into the cluster of the genus Croceitalea (Fig. 1) . The phylogenetic position of strain H01-35 T was confirmed in the maximum-likelihood (Fig. S3 ) and maximum-parsimony (Fig. S4) trees. According to Tindall et al. [21] , when a single strain shares less than 97.0 % 16S rRNA gene sequence similarity to the closest neighbour, the DNA-DNA hybridization analysis does not need to be performed for the new taxon. Thus, the relative low sequence similarity to the type strains and recognized species in the genus Croceitalea (93.9-96.4 %) implied that it may represent a novel species [22] .
The major characteristics of strain H01-35
T , including the cell size, the optimum temperature and NaCl range, catalase and oxidase activity, gliding motility, the predominant cellular fatty acids and the major respiratory quinone are consistent with those of C. litorea JCM 19531 T and C. eckloniae MCCC 1A06443
T . The phosphatidylethanolamine, two aminolipids and one of the unidentified lipids were detected as the dominant polar lipids in strain H01-35 T , most of which were also detected in C. litorea JCM 19531 T and C. eckloniae MCCC 1A06443
T . Fexirubin-type pigment was not detected, but the pigment of strain H01-35 T had maximum absorption at 448 and 474 nm, similar to the carotenoid pigment of Muricauda antarctica Ar-22
T . However, some unique features distinguished strain H01-35 T from C. litorea JCM 19531 T and C. eckloniae MCCC 1A06443 T , including the higher growth temperature tolerance, the T . All data are from this study. Values are percentages of the total fatty acids. Fatty acids accounting for less than 1 % in all strains are not shown. TR, Traces (<0.2 %); -, not detected. Major components (>10 %) are highlighted in bold. *Summed features represent groups of two or three fatty acids that are treated together for the purpose of evaluation in the MIDI system and include both peaks with discrete equivalent chain-lengths (ECLs) as well as those where the ECLs are not reported separately [23] . Summed feature 3 comprised C 16 : 1 !7c and/or iso-C 15 : 0 2-OH. †Unknown fatty acids are designated by their equivalent chain-lengths (ECL).
physiological characteristics and enzyme activities (such as gelatinase) listed in Table 1 , the proportion of the dominant fatty acids iso-C 15 : 1 G (Table 2 ) and the profile of more kinds of polar lipids (Fig. S2) . Strain H01-35
T was proved to contain cellular appendages (Fig. S1 ) and degrade gelatin while other strains of the genus Croceitalea do not show such characteristics. Besides, the DNA G+C content of strain H01-35 T (52.7 mol%) was lower than the range (59.5-66.5 mol%) of currently reported strains in genus Croceitalea [1, 2] . On the basis of phenotypic characteristics and phylogenetic inferences, strain H01-35 T is considered to represent a novel species of the genus Croceitalea, for which the name Croceitalea marina sp. nov. is proposed.
Prior to the description of the new species, the description of the genus Croceitalea is given as follows:
EMENDED DESCRIPTION OF THE GENUS CROCEITALEA
The following characteristics are added to the original description of the genus Croceitalea given by Lee et al [1] . Phosphatidylethanolamine is a characteristic polar lipid and some other unidentified amino lipids or unidentified lipid may be present. The range of mol% G+C of DNA is 52.7-66.5. Croceitalea marina (ma.ri¢na. L. fem. adj. marina marine, referring to the environment from where the type strain was isolated).
Cells are Gram-staining-negative, aerobic, non-motile rods (0.4-0.6 µm in width, 1.4-3.0 µm in length) without any flagellum after culturing on MA for 48 h at 28 C. Colonies are transparent, golden yellow, and circular (1.0-2.5 mm in diameter) on MA for 7 days at 28 C. Growth occurs at 10-45 C (optimum 28 C). The salinity range is 2-5 % (w/v) (optimum 3 %) NaCl in MB and the pH range is 6.0-9.0 (optimum 8.0-9.0). Fexirubin-type pigment is not produced, but produces a carotenoid pigment with maximal absorption at 448 and 474 nm. Catalase is positive, but oxidase is negative. Starch, gelatin and Tween 20 are degraded, but DNA, casein, chitin, Tween 40 and Tween 80 are not hydrolysed. In the API 20E and 20NE strips, there are positive results for gelatinase activity and acetoin production. There are negative results for indole and H 2 S production and nitrite reduction. Mannitol, citric acid and phenyl acetate are assimilated. In the API 50CH strip, acid is produced from D-glucose, arbutin, aesculin, salicin, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, melezitose, raffinose, starch, glycogen, gentiobiose, turanose and potassium 5-ketogluconate, but not from other substrates. As for API ZYM strip, acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, naphthol-AS-BI-phosphohydrolase, and a-glucosidase activities are present. The following substrates are utilized in the GN2 Microplate: ierythritol, melibiose, b-methyl-D-glucoside, acetic acid, urdine and thymidine; the other substrates are not utilized. The dominant fatty acids are iso-C 15 : 1 G, iso-C 15 : 0 and iso-C 17 : 0 3-OH. The major respiratory quinone is MK-6. The major polar lipids are phosphatidylethanolamine, two unidentified aminolipids and five unidentified lipids. 
